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Chapter1: 
General Introduction 
  
 3 
Changes in human land-use are globally main cause of forest biodiversity 
degradation (White1979). Development at naturally vegetated area, monoculture plantation 
and conversion to agricultural lands have caused the loss of specific species in many areas 
(Gardner et al. 2009). It is important to estimate extinction risks to develop effective 
conservation measure against such land-use changes (Feeley et al. 2010). For forest 
biodiversity, the management practices give large influence as well (Bengtssona et al. 2000). 
Many papers have reported how these human activities affect extinction risks of species, 
though most of these studies are made for herbaceous species (Williams et al. 2005), and the 
study on tree species are limited.  
One of the difficulties to estimate such a probability of tree species extinction is their 
long lifespan (Katsuki et al. 2008). To incorporate such long-term processes, many models to 
describe forest dynamics have been developed (White 1987, Takada and Nakashizuka 1996)). 
However, we need to collect sufficient data to estimate extinction probability (Chao et al. 
2009). Transition matrix of canopy tree replacement (Masaki 1992) is one of the way to solve 
such problems, since it requires simple information on species association between canopy 
and understory trees (Canham et al. 1994, Montogomery et al. 2001).   
Biodiversity in an area depend on less abundant and infrequent species which often 
are indicators of conserving environment. Many studies are concentrated to develop methods 
to conserve some particular endangered species (Noss 1999). In any kind of field survey, 
however, the population data for such tree species tend to be insufficient, and we should 
develop some methods to obtain sufficient data effectively and estimate the dynamics or 
extinction risks of such rare and infrequent tree species, even if we apply matrix models. 
Scenario analysis is frequently used in recent environmental studies to present 
options and to evaluate their effectiveness to solve problems. It is useful to estimate future 
biodiversity along different scenarios including land-use and management practices (Berreto 
1998). Vonserving biodiversity is necessary concern for sustainable forest management (Rist 
2011). The management practices, such as forest conservation, silvicultural practices and 
land conversion should be considered as options to simulate the dynamics of tree species.  
To understand the effects of forest management and land use patterns on tree 
species, we need to identify the mechanisms in which these human activities affect extinction 
of tree species. These mechanisms may depend on traits of species, and we need what traits of 
the species respond to human activities. In this thesis, I focus on functional traits which may 
be associated with particular mechanisms of population dynamics or regeneration. Functional 
traits have recent been studied by many researchers to detect the relationship between 
biodiversity and ecosystem function (Bengtssona et al. 2000). Some studies also suggested the 
correlation between the functional traits and responses to disturbances (Chazdon 2003), 
which might be applied to the studies on local extinction of tree species.   
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In this thesis, I aim to develop the matrix models to estimate the abundance and 
extinction probabilities of tree species at landscape level. The models include methods to 
estimate the extinction probability of rare/infrequent species. The abundance and local 
extinction probabilities are estimated with some possible scenarios of land-use and forest 
management. The responses of tree species to the scenarios are discussed in terms of their 
functional traits. 
In Chapter 2, I establish a matrix model combining land-use change matrix and 
canopy replacement matrix. With this matrix model, I tried to project the population 
dynamics and local extinction probabilities of tree species in landscape level.  
In Chapter 3, I investigated some rare/infrequent tree species and reconstructed a 
new matrix model incorporating the data of rare/infrequent species. Rare/infrequent tree 
species are crucially important to plan conservation strategies. I also established another 
scenario to allow natural succession of secondary forests to old-growth forests, which may 
another possible option of land use in the near future. 
In Chapter 4, I analyzed the relationship between the results projected by matrix 
model and species traits. I discuss the key functional traits that explain the abundance and 
extinction of specific management scenarios and/or species.  
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Chapter 2: 
Projection of the probability of local extinction of canopy tree species  
in forest landscapes 
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Introduction 
 
Biodiversity loss is of increasing concern around the world. However, we do not have 
enough information on the probability of extinction of tree species, partly because of their long 
life spans, even though some are seriously endangered (Farjon et al. 1993, Katsuki et al. 
2008). As drivers of species extinction, human disturbances have more extensive and intense 
effects on biodiversity than natural disturbances (White 1979, Chazdon 2003). Human land 
uses, including forest management, agriculture, and grazing, create complex landscapes that 
must be taken into account if we are to understand the dynamics of species composition at the 
landscape scale, as well as local extinction (Saeki 2005, Suzuki et al. 2007). 
Forest protection is effective for conserving plant species (Ruth 2007), although only 
such protection areas are not enough to conserve biodiversity (Lamb 2005). Sustainable forest 
management can also conserve biodiversity to some extent (Rist 2011). In particular, the 
traditional Japanese forest–agricultural landscape called Satoyama has been considered as 
promising to balance resource exploitation and biodiversity conservation (Kato 2009). 
However, the spread of monoculture plantations has eroded this traditional system in recent 
decades (Osawa 2004). 
Forest dynamics and tree demography have been studied in relation to both natural 
and human disturbances (Watt 1947, Pickett and White 1985, Nakashizuka 1987, Yamamoto 
1989, Likens 1989, Ohkubo 1992, Masaki et al. 1999, Nakashizuka 2002), mostly in single 
forest stands. However, the effects of landscape structure on local extinction have not been 
studied quantitatively enough for management, because the complexity of land use makes it 
difficult to predict tree population dynamics at the local or regional scale. Furthermore, large 
data sets and/or large-scaled simulation are required to estimate forest dynamics at the 
landscape level. It is impractical for landscape managers to collect enough data to estimate 
tree demography and regeneration in various types of forests. 
Instead, matrix models based on canopy replacement process, which have been used 
to project the dynamics of tree composition in forests (White 1987, Takada and Nakashizuka 
1996), require relatively simple information and can be applied on large spatial scales. In 
addition, a canopy replacement matrix and a vegetation replacement matrix can be combined 
to cover multiple vegetation types (Turner 1987). Here, I describe a model combining canopy 
replacement and land-use change matrices to project the changes in canopy composition and 
the probability of extinction of component species. I also adopted forest management 
scenarios which could be applied for the management practices in Japan. 
In this chapter, I address three questions: (1) Can we project forest dynamics at the 
local scale by combined matrices model from easily obtained data? (2) How dominance and 
probability of local extinction of each species change in response to the forest management 
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scenarios? (3) Do species traits affect the dominance and extinction probability? 
 
 
Methods 
 
Study site 
The study site is a 10-km x 10-km area located in the Abukuma Mountains, at the 
border of Fukushima and Ibaraki prefectures, central Japan. The mean annual air 
temperature is 13.0 °C (1981-2010), and the mean monthly temperature is below 0 °C in 
January and February and above 20 °C in August. The mean annual precipitation is 1784 mm. 
The maximum snow depth is less than 50 cm (Mizoguchi 2002). 
The original vegetation in the area was temperate deciduous broadleaf forest, 
dominated by Quercus, Castanea, Carpinus, and Fagus. The area was almost intact woodland 
until the fifth century CE, but large areas of pasture had been established by the 17th century. 
Pinus species gradually came to dominate areas with evidence of fire disturbance 
(Nakashizuka and Iida 1995). Since the late 19th century, most of the forests in the area have 
been managed by the Japanese government (Suzuki 2001). 
The area at present includes various landscape elements, such as pasture, secondary 
forests, conifer plantations, and small areas of natural forest. Fire and grazing have 
eliminated shrubs from pasture. Secondary forests in this area had been used as coppice for 
firewood and charcoal until 1970, called as Satoyama forest system, in which the coppice 
(secondary) forests were repeatedly logged, and left for natural regeneration including 
re-sprouting from logged stamps. After 1970, however, coppice forests have been converted 
into conifer (Chryptomeria japonica and Chamaecyparis obtsusa) plantations because of 
changing demands of Japanese society. In 1997, old-growth forests covered 202 ha, secondary 
forests 3789 ha, conifer plantations 4843 ha, and pasture 1179 ha. This land-use pattern 
reflects dramatic changes in recent decades from secondary broadleaf forests to conifer 
plantations and a decrease in pastures. (Miyamoto and Sano 2008) summarized these 
land-use changes into transition matrices covering 15-year intervals since the 1940s, the most 
recent of which I have adopted as the current land-use pattern. 
 
Field methods 
To study the associations between canopy species and understory tree species, 
matrices were made in old-growth and secondary forests separately.  
In natural forest, I used data of Ogawa Forest Reserved not disturbed for more than 
100 years. In this forest, tree species was examined annually, growth rate, survived rate of 
seedling, layer structure and so on. I used the data of 651 quadrats set up 2-m x 2-m that 
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represented canopy tree species and understory species under it. I assumed that if canopy 
species died out in the generation, either of understory tree species grow up in next 
generation.  
In secondary forests, I set up 18 belt plots of 10m x 100 m differing in history and 
development stage in September of 2007 and 2008. The plots in secondary forests were 
classified according to whether they had once been used as pasture or have long been forest 
(even though they may have been logged repeatedly). Their history was determined from 
land-use maps of Geospatial Information Authority of Japan and photograph which were 
taken by Japan’s Forest Agency (Miyamoto and Sano 2008) and records of forest management 
over the last century held by the Iwaki District Forest Office (Suzuki 2002). 
In every 5-m x 5-m quadrats of the studied belt, I identified the species and 
measured diameter at breast height (DBH) of all trees and shrubs. I defined trees with DBH ≥ 
5 cm as “canopy trees” and trees with DBH < 5 cm and height > 2 m as “understory trees”. I 
recorded the canopy and understory species whose stem stands inside the quadrats. I also 
utilized the data collected in a 6 ha primary forest plot at the Ogawa Forest Reserve that had 
not been disturbed for at least 120 years according to local records, in which the associations 
of canopy and understory trees were recorded in each of 651 quadrats placed on a 10-m x 10-m 
grid (Masaki et al. 1992), except for shrub species (maximum height < 10m) 
I also set 6 belts of 10 m x 100 m in clear-cut conifer plantations that had been logged 
up to 3 years before our study. I set a 1 m x 1 m sampling quadrat in every 5 m x 5 m quadrat 
of the belts, and listed all tree species, including saplings, seedlings, and resprouts. Since the 
plantations were all monoculture of Cryptomeria japonica or Chamaecyparis obtusa, I 
estimated the change in tree composition according to the occurrence frequency of trees in 
these belts. 
 
Target tree species 
I recorded 54 tree species in total (Appendix 1). I collected enough data on 
canopy-understory association among 23 species to estimate transition probabilities in our 
matrix model. The other 35 species were treated as infrequent species, and I lumped their 
occurrence data into four categories characterized by similar life history traits (maximum size 
and DBH size-class distribution) following the classification of Masaki et al. (1992) to 
estimate the transition probabilities for these categories. Masaki et al. (1992) classified 
canopy tree species in the Ogawa Forest Reserve into 4 categories; large (maximum DBH ≥ 15 
cm) and small trees (maximum DBH < 15 cm), and each subdivided into the groups with an 
L-shaped and a bell-shaped DBH class distribution. An L-shaped DBH distribution, with a 
large number of small trees, suggests continuous recruitment. A bell-shaped DBH 
distribution has few saplings while relatively large number of large trees, suggesting 
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intermittent recruitment or some dependency on a past disturbance (Masaki et al. 1992). 
Thus, the four groups were classified as LL (large maximum dbh, L-shaped), LB (large, 
bell-shaped), SL (small, L-shaped), and SB (small, bell-shaped). Other species groups that 
occurred only in secondary forest were placed in the secondary forest group (SF). 
 
Model construction 
The tree species composition dynamic was projected by a matrix model that 
combined the transition matrices of land-use change and canopy replacement per 25-year 
generation. This model based on Markov-chain Monte Carlo matrices. The probability of the 
transition of land use was calculated on the basis of land-use change during a unit period. The 
probability of the transition of canopy composition was calculated on the basis of the canopy–
understory association. All statistical analyses were performed by R 2.12.1 software (R 
Development Core Team 2010). 
 
Land-use change matrix 
I classified land-use type as natural forest, secondary forest, conifer plantation, or 
pasture (Fig. 1). The probabilities of land-use change were determined from the records of 
past land-use change detected by GIS analyses in this area during 1975 to 1997, which are 
based on data and vegetation map obtained from the National Forest Agency of Japan 
(Miyamoto and Sano 2008, Takada and Miyamoto 2010). The land-use change matrix did not 
consider the change from old-growth forest to pasture, because all old-growth forests in the 
area have been changed into either secondary forests or conifer plantations. I regarded the 
conifer plantations as perfect monocultures, with no deciduous canopy trees, since they are 
carefully managed. (Our field observations confirmed this assumption.) I also regarded 
pastures as having no canopy tree species present. Change of the land use area from t to t+1 
generation was calculated as A(t+1) = XA(t); where A(t) is a vector of each land-use area, t is 
the number of generations and X is a land-use change matrix. Tree species abundance is 
calculated in each land-use area and represented sum of all land-use in landscape scale. 
 
Canopy replacement matrix 
The canopy species composition varied among land-use elements and their history. I 
assumed that canopy species would be replaced by understory species in the space of one 
generation. After a forest is clear-felled, the canopy composition would be replaced by 
resprouts or germinating seeds. The various land-use changes must be calculated by matrices 
describing them. Similarly to land-use change matrix, replacement of the canopy tree 
abundance from t to t+1 generation was calculated as B(t+1) = XB(t); where B(t) is a vector of 
canopy abundance in each land-use and X is a l canopy replacement matrix. 
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Natural forest matrix 
I defined old-growth forest as forest that has not been logged for at least 100 years. 
Canopy trees are replaced naturally by understory trees. The natural forest matrix assumed a 
life span of 120 years for large canopy trees and 90 years for small (Masaki et al. 1992). This 
matrix was calculated in case of leaving natural forest (changing from natural forest to 
natural forest). 
 
Logging matrix 
Based on local management practices I assumed that all secondary forests are 
clear-cut every 50 years when canopy tree grow up as lumber or firewood. As the canopy 
species are removed, the new canopy composition cannot be predicted from the association 
between canopy and sub-canopy species. Therefore, I developed a logging matrix which 
projected the composition after clear cutting. I calculated the ratios of canopy abundance 
during early regrowth (<15 years after logging) to that at maturity (>50 years), and used 
them to determine species change after felling (changing from mature forest to immature 
secondary forest). These ratios may reflect the overall ability of a species to regenerate from 
seeds, seedlings, and suckers.  
 
Abandoned conifer plantations and pastures 
When clear-cut plantations and pastures are abandoned, canopy species are 
naturally recruited, and secondary forests develop through successional processes. I defined 
the initial species composition after pasture abandonment as the species composition in 
young secondary forests that had been used as pasture more than 25 years ago. I estimated 
the initial composition after felling of conifer plantations from the species composition at sites 
of old conifer plantations (>50 years) logged within the previous 3 years.  
 
Canopy dominance and local extinction rates 
I projected the canopy species composition and probabilities of local extinction at the 
landscape level by combining the canopy species replacement matrix and the land-use change 
matrix (Fig.2). The canopy species composition in the landscape was projected by estimating 
the area in which land use changed in the next generation. The matrix represented the 
probabilities that particular canopy species will be present following land-use change. In the 
simulation, I assumed that secondary forests are logged every 50 years. The land-use change 
matrix obtained from GIS data gave the transition probability peaking at 23 years. Therefore, 
I defined unit interval of land-use change as 25 years, close to 23 years, and regarded the 
transition matrices to this period. 
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To estimate the probability of local extinction, I varied the transition probabilities of 
canopy species replacements. I assumed that the transition probabilities had a normal 
distribution, with variance estimated from the number of belt plots and each observation 
(Appendix2). In the simulation, species composition randomly varied with this variance after 
land-use change and the results therefore varied with each model run of R. I made long-term 
(100 unit times, 2500 years) estimates. If a species abundance became <1/1 000 000, the 
species was regarded as locally extinct. I counted the local extinctions of each species in 10 
000 simulations and defined the probability of local extinction as the frequency of local 
extinctions over all trials..  
 
Forest management scenarios 
The model compared four management scenarios. In the “Business as usual scenario” 
(Appendix 3, BAU), the current (1975-1999) transition probabilities of land-use are retained. 
In the “Natural forest protection scenario” (Appendix 3, NP), present protection of old-growth 
forests are permanently protected. In the “Satoyama management scenario” (Appendix 3, SM), 
which follows the traditional use of secondary forests, the probability of transition to 
secondary forest area is increased by 10% per 25 years, and to conifer plantation is decreased 
by 10% than BAU. In the “Protection and Satoyama scenario” (Appendix 3, PS), the current 
proportion of natural forests remains, while the probability of change to secondary forest is 
increased by 10% every 25-year than BAU scenario. I established different land use change 
matrices in each forest management scenario. 
 
 
Results 
 
Present species composition 
The dominant species in the studied area at present were Quercus serrata 
(dominance = 0.086, canopy area relative to the total land-use area), Prunus verecunda 
(0.047), and Castanea crenata (0.042). Members of the SL group (small trees, L-type DBH 
distribution) are the most abundant. In contrast, Phellodendron amurense (0.001, SB), 
Ostrya japonica (0.001, LD), Acer mono (0.002, LL), and Betula grossa (0.002, LB) are 
infrequent. Species composition and diversity differ among landscape units (Fig. 3). 
Secondary forests contained all of these dominant and infrequent species. Lyonia ovalifolia 
var. elliptica occurred only in developed secondary forests. Acer mono, Fagus crenata, Fagus 
japonica, and O. japonica occurred only in mature secondary and old-growth forests. Clear-cut 
conifer plantations and secondary forests established after pasture abandonment differed 
from old-growth forests in that they lacked 6 to 8 dominant species or infrequent species. In 
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contrast, Acer crataegifolium, L. ovalifolia var. elliptica, Pinus densiflora, and infrequent SF 
species did not occur in old-growth forest. The species composition of secondary forest 
established after pasture abandonment was similar to that of immature and mature 
secondary forest, but wind-dispersed Carpinus laxiflora and Clethra barbinervis became 
dominant in clear-cut plantations. Canopy replacement matrix including in natural forest 
matrix and logging matrix were composed of the results (Appendices 3, 4). 
 
Changes in species composition 
After 100 unit times, the species compositions differed among management scenarios. 
In the BAU scenario, the species composition was very different from the present composition 
(Fig. 4): Castanea crenata became the most dominant species (0.138), while Q. serrata, 
currently the most abundant species, decreased (to 0.030). C crenata, P. densiflora, and 
infrequent SB species increased, but other species decreased or did not change much. In the 
SM scenario, the abundance of the currently dominant species increased, including C. crenata, 
Q. crispula, and infrequent SL species. Other species slightly decreased in abundance, 
particularly Q. serrata decreased. The NP scenario did not show conspicuous differences in 
species composition from the BAU scenario. The results of the SP scenario were almost same 
as those of the SM scenario. 
 
Local extinction rate 
The probability of local extinction varied among species and management scenarios 
(Fig. 5, 6). In general, the scenarios including natural forest protection (NP, SP) had less 
probability of local extinction of many species. In projections to 2500 years, species with 
L-shaped DBH distributions (LL and SL) avoided local extinction in NP and SP, while species 
with bell-shaped distributions headed toward extinction. In summary, Satoyama 
management was less effective at avoiding local extinction of most of these species. 
In the BAU scenario to 2500 years, probabilities of local extinction became polarized. 
Six dominant species—O. japonica, B. grossa, F. japonica, F. crenata, A. mono, and L. 
ovalifolia var. elliptica—became locally extinct, and the probabilities of local extinction of 
Hamamelis japonica (32.8%), and infrequent LB species (16.1%) were relatively high (Fig. 5). 
On the other hand, the probabilities of local extinction of other dominant species were very 
low (< 2%) (Fig. 6). 
The scenarios including natural forest protection (NP, SP) affected the probabilities 
of local extinction, although the SM scenario seldom did (Fig. 4). In the NP scenario, A. mono, 
F. crenata and F. japonica, which became extinct in the BAU scenario, could avoid local 
extinction. However, B. grossa, L. ovalifolia var. elliptica and O. japonica became extinct in all 
scenarios. 
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The probabilities of extinction of most species and groups decreased in the scenarios 
including protection (NP, PS). The species and groups that had lower probabilities of local 
extinction than in BAU were H. japonica, infrequent LL species (Sorbus japonica, Acer 
amoenum), and LB species (K. pictus, Zelkova serrata). The probabilities of extinction of some 
LB or SB species (Z. serrata, P. densiflora, A. crataegifolium, L. ovalifolia var. elliptica, P. 
densiflora, Prunus grayana, Q. serrata, and Q. crispula) did not change among scenarios. 
 
 
Discussion 
 
Effectiveness of the model 
The combined canopy replacement and land-use change model was effective at 
projecting changes in tree species composition and probabilities of local extinction in 
landscapes. The information required for the model is not extensive—the total area surveyed 
to develop it was 4.7 ha for a simple census of the canopy–understory associations—making 
adaptation to local situations realistic. The model was also successful at estimating 
probabilities of local extinction in different scenarios, providing results of use to landscape 
management. 
The model could be improved in several ways. First, if it could take spatial 
distribution into consideration, it could estimate the effects of fragmentation or of seed 
dispersal. This is crucial because the species composition of suppressed trees is much affected 
by the distance from seed sources (Gonzalez and Nakashizuka 2010). However, such models 
would be more complicated and require other ecological information such as species 
dispersion and fragmentation effects. 
Second, I isolated the effects of the protection of natural forests from the 
management of secondary forests. The transition probability in secondary forest seems some 
effect of succession form secondary forests into more developed one, since understory species 
compositions are differed from the canopy species in secondary forests. The frequency of 
logging (every 50 years) is not enough to cause such species replacement. In reality, however, 
it would be more realistic to assume some extent of recruitments from old-growth forest 
species into secondary forest in long-term processes. To make this possible, the model needs to 
incorporate the process of natural succession, including seed dispersal from neighboring 
old-growth forests（Wunderle 1997）. 
Third, this matrix model was specific to this location and landscape. Though, the 
used data of the study were obtained in secondary forest managed by region government, it 
may not apply in location where there are not tree species of this study. To make the results 
general, we should focus on tendency which I compared all tree species (e.g. species traits, see 
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Chapter 4). 
Finally, a consideration of rare species could give more practical suggestions for 
landscape management. I included rare species with infrequent species, although some rare 
and endangered species may have unique life histories and need urgent action to avoid 
extinction. Methods to incorporate such rare species through the collection of specific data 
should be developed to support more effective landscape management (see Chapter 3). 
In spite of these points to be improved, the present model gave possibility to estimate 
the long-term change in dominance or population stability of species according to land-use 
scenarios. Though the projected times were relatively long (2500 years), the clear changes was 
appeared in several hundred years, and it would be useful for make cautions for local 
extinction for some particular species. 
 
Influence of land-use management strategy and species traits 
Satoyama management and natural forest protection affected canopy species 
differently. Satoyama management had a greater effect on species abundance, increasing the 
area of secondary forest and the dominance of disturbance-dependent species (LB and SB 
species such as C. crenata). Natural forest protection had a greater effect on extinction rates, 
decreasing the probabilities of local extinction, in particular that of large-sized canopy species 
or species with an L-shaped DBH distribution, such as F. crenata, F. japonica, and A. mono. 
These results indicate that the protection of old-growth forest is essential to reducing canopy 
species extinction, even in small protected areas. 
The shape of DBH distribution of a species was important to predicting future 
dominance and the probability of extinction. It indicates a species’ response to disturbance 
(Masaki et al. 1992, Nakashizuka 2001). An L-shaped distribution suggests continuous 
recruitment and a stable population with small-scale disturbance (Masaki et al. 1992). A 
bell-shaped distribution suggests a dependence on large-scale disturbance or episodic events. 
Satoyama management, with frequent logging, tends to decrease the abundance of L-shaped 
species and increase bell-shaped species. Therefore, natural forest protection is essential to 
the preservation of L-shaped species. 
Satoyama management and natural forest protection also differently affected the 
probabilities of extinction of large and small canopy species. Scenarios including natural 
forest conservation decreased the probabilities of local extinction of large-sized canopy species, 
but Satoyama management did not. The difference is related to the longevity or the age or 
size at first reproduction of the species: the frequent logging in Satoyama management may 
eliminate long-lived or slow maturing species (Kamitani, 1986). 
Satoyama management has helped some endangered herbaceous species (Takeuchi 
2003). Most of these species are mostly short-lived species that require periodic disturbances, 
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suggesting that they are better adapted to grassland or the grassland–forest transition zone. 
However, Satoyama management may not always favor long-lived canopy tree species with 
less dependence on disturbance. For longer-lived or slow maturing species, and in particular 
shade-tolerant species, the protection of old growth forests is more important. 
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Fig. 2-1. The scheme of land-use transition. Ellipses indicate the five land-use types we 
defined. Arrows indicate flows of land-use area change. Old-growth forests are lost by logging. 
Immature secondary forests become mature secondary forests in the next generation. 
 
  
 
Fig. 2-2. Flowchart of calculation in matrix model. Arrows represent kinds of canopy 
replacement matrix that use in situation of land-use change. 
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Fig2-3. The current vegetation of the Ogawa Forest Reserve and surrounding secondary 
forests. 
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Fig. 2-4. Projected tree species composition in each scenario. BAU, Business as usual; NP, 
Natural forest protection; SM, Satoyama management; SP, Satoyama + protection. 
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Fig. 2-5. Probabilities of local extinction of species with high extinction probability (>0.05). 
BAU, business as usual; NP, Natural forest protection; SM, Satoyama management; SP, 
Satoyama + protection. 
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Fig. 2-6. Probabilities of local extinction of species with low extinction probability (< 0.02). 
BAU, business as usual; NP, natural forest protection; SM, Satoyama management; SP, 
Satoyama + protection. LL, large trees, L-shaped DBH distribution; LB, large trees, 
bell-shaped; SL, small trees, L-shaped; SB, small trees, bell-shaped; SF, secondary forest. 
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Appendix 1. Dependency on disturbance (Type) and dominance of each tree species. LB, large 
trees with bell-shaped distribution; LL, large trees with L-shaped distribution; SB, small 
trees with bell-shaped distribution; SL, small trees with L-shaped distribution; SF, secondary 
forest species. 
Species name Type Dominance 
Acer amoenum LL infrequent 
Acer carpinifolium  SL infrequent 
Acer cissifolium SL infrequent 
Acer carpinifolium SL dominant 
Acer maximowiczianum SL infrequent 
Acer mono LL dominant 
Acer rufinerve SB infrequent 
Acer sieboldianum SL infrequent 
Acer tenuifolium SL infrequent 
Aesculus turbinata SF infrequent 
Alnus firma SF infrequent 
Alnus hirsuta var. sibirica SF infrequent 
Alnus japonica SF infrequent 
Benthamidia japonica  SF infrequent 
Betula grossa LB dominant 
Betula platyphylla SF infrequent 
Carpinus cordata SL infrequent 
Carpinus japonica SL infrequent 
Carpinus laxiflora LL dominant 
Carpinus tschonoskii LB dominant 
Castanea crenata LL dominant 
Clethra barbinervis SL dominant 
Cornus controversa LB dominant 
Evodiopanax innovans SF infrequent 
Fagus crenata LL dominant 
Fagus japonica LL dominant 
Fraxinus lanuginose SL infrequent 
Hamamelis japonica SL dominant 
Ilex macropoda SL infrequent 
Juglans mandshurica SF infrequent 
Kalopanax pictus LB infrequent 
Lyonia ovalifolia var. 
elliptica 
SL dominant 
Magnolia obovata SB infrequent 
Malus tschonoskii LL infrequent 
Meliosma myriantha SL infrequent 
Morus bombycis SF infrequent 
Ostrya japonica LB dominant 
Padus grayana SB dominant 
Phellodendron amurense SB infrequent 
Pinus densiflora LB dominant 
Prunus buergeriana SF infrequent 
Prunus jamasakura SF infrequent 
Species name Type Dominance 
Prunus verecunda LB dominant 
Quercus acutissima SF infrequent 
Quercus crispula LB dominant 
Quercus serrata LB dominant 
Rhus trichocarpa SL infrequent 
Salix bakko SF infrequent 
Salix sachalinensis SF infrequent 
Sorbus alnifolia SL infrequent 
Sorbus japonica LL infrequent 
Styrax japonica SL dominant 
Styrax obassia SL infrequent 
Zelkova serrata LB infrequent 
 
 
  
22 
Appendix 2. Mean and variance values calculated in matrix model run. 
 
conifer-mean conifer-variance pasture-mean pasture-variance immature-mean immature-variance mature 
Gap 0.445833333 0.166895676 0.066437116 0.096883247 0.051957282 0.076764947 0.107321868 
Acanthopanax sciadophylloides 0.027777778 0.021476193 0.021479075 0.026197507 0.022186853 0.025384416 0.015814574 
Acer amoenum 0.0125 0.015811388 0.002669348 0.007502367 0.003413473 0.007319674 0.039118983 
Acer crataegifolium 0.007638889 0.011907242 0.007869635 0.008752886 0.00742103 0.01039454 0.004766258 
Acer mono 0 0 0.004943238 0.010544668 0.00583009 0.011143121 0.03385016 
Acer rufunerve 0.019791667 0.019173459 0.022976169 0.027747509 0.021761068 0.023981408 0.009354187 
Betula grossa 0 0 0 0 0.00620069 0.018997974 0.016511127 
Carpinus cordata 0.003472222 0.005538167 0 0 0.002094402 0.006161141 0.020183644 
Carpinus japonica 0.01875 0.01045825 0.01085535 0.015838939 0.011923419 0.016359427 0.009835136 
Carpinus laxiflora 0.039930556 0.043409722 0.079419471 0.063747071 0.068781545 0.068014272 0.046689876 
Carpinus tschonoskii 0.012847222 0.013719453 0.013425834 0.013448103 0.01353306 0.028393395 0.011499544 
Castanea crenata 0.021527778 0.028555096 0.122027357 0.076919045 0.105311312 0.073728035 0.019783754 
Clethra barbinervis 0.106597222 0.049798494 0.024244463 0.027179161 0.033624072 0.051042828 0.076695147 
Cornus controversa 0.022569444 0.032872245 0.009688746 0.011934824 0.020492343 0.030836813 0.028365181 
Fagus crenata 0 0 0.00502233 0.013425933 0.014725979 0.044011969 0.032286432 
Fagus japonica 0 0 0 0 0.003927163 0.012181273 0.010836923 
Fraxinus lanuginose 0.027777778 0.031832533 0.001660928 0.003711928 0.004160035 0.007396137 0.004993223 
Hamamelis japonica 0.001041667 0.002551552 0.00569461 0.012339884 0.00718072 0.020931571 0.014344042 
Ilex macropoda 0.008333333 0.012909944 0.016476518 0.021934553 0.018420957 0.022530597 0.023093656 
Kalopanax pictus 0.019791667 0.023189662 0.00462963 0.007041259 0.002588757 0.005597077 0.002669598 
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Appendix2 continued 
Lyonia ovalifolia var. elliptica 0 0 0.01437776 0.029560608 0.012094597 0.022751832 0.017327672 
Magnolia obovata 0.003472222 0.005538167 0.011863771 0.016492939 0.018265603 0.020015454 0.004312329 
Malus tschonoskii 0.002083333 0.005103104 0 0 0.000924556 0.005514218 0.006281407 
Meliosma myriantha 0.0125 0.011858541 0.000593189 0.001884446 0.000845816 0.002748105 0.002399341 
Morus bombycis 0.01875 0.031374751 0.000593189 0.003768892 0.003322849 0.008045629 0.015130978 
Ostrya japonica 0 0 0 0 0.001972387 0.005431609 0.002512563 
Padus grayana 0.030902778 0.03526725 0.018942487 0.027148814 0.024055416 0.030731284 0.031337337 
Phellodendron amurense 0 0 0 0 0.002095661 0.006919146 0.003559464 
Pinus densiflora 0 0 0.046551177 0.066467823 0.029334575 0.052326058 0.008303124 
Prunus verecunda 0.020138889 0.02449726 0.120646075 0.063425299 0.121373189 0.059068058 0.05998082 
Quercus monogolica var. 
grosseserrata 
0.01875 0.040117016 0.031478539 0.0697479 0.039823847 0.063290595 0.012958602 
Quercus serrata 0.005208333 0.008307251 0.256466478 0.144717909 0.221611042 0.128543287 0.150515408 
Rhus trichocarpa 0.055555556 0.059448663 0.00830464 0.011941434 0.009617563 0.01954781 0.00208051 
Sorbus alnifolia 0.002083333 0.005103104 0.006745401 0.01242313 0.007462746 0.01084351 0.011045614 
Sorbus japonica 0.004166667 0.010206207 0.004095826 0.005736339 0.003334357 0.006084475 0.008132901 
Styrax japonica 0.008333333 0.015138252 0.033283527 0.037204911 0.035358858 0.037083698 0.042626128 
Styrax obassia 0.001041667 0.002551552 0.014219577 0.02027727 0.014048029 0.016793613 0.030867196 
Zelkova serrata 0.004166667 0.010206207 0 0 0.003094181 0.01048309 0.007797918 
acer group 0 0 0 0 0.00265828 0.008536221 0.0128181 
prunus group 0.014583333 0.022935598 0.004626871 0.006336522 0.010532426 0.021744366 0.007452007 
secondary-forest group 0.002083333 0.005103104 0.007691678 0.013278325 0.012639774 0.023113959 0.034547266 
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Appendix 3. Matrix of land-use change probabilities in each scenario per generation (25 
years).  
 
A. Business as usual scenario 
  Conifer  Immature Mature Old-growth Pasture 
Conifer 
0.700  0  0.300  0.200  0.330  
forest 
Immature 
0.190  0  0.540  0.170  0.217  
secondary forest 
Mature 
0  1  0  0  0  
secondary forest 
Old-growth 
0  0  0  0.630  0  
forest 
Pasture 0.110  0  0.160  0  0.453  
 
B. Satoyama management scenario 
  Conifer  Immature Mature Old-growth Pasture 
Conifer 
0.600  0  0.200  0.100  0.230  
forest 
Immature 
0.290  0  0.640  0.270  0.317  
secondary forest 
Mature 
0  1  0  0  0  
secondary forest 
Old-growth 
0  0  0  0.630  0  
forest 
Pasture 0.110  0  0.160  0  0.453  
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C. Natural forest protection scenario 
  Conifer  Immature Mature Old-growth Pasture 
Conifer 
0.700  0  0.300  0  0.330  
forest 
Immature 
0.190  0  0.540  0  0.217  
secondary forest 
Mature 
0  1  0  0  0  
secondary forest 
Old-growth 
0  0  0  1  0  
forest 
Pasture 0.110  0  0.160  0  0.453  
 
D. Satoyama and protection scenario 
  Conifer  Immature Mature Old-growth Pasture 
Conifer 
0.600  0  0.200  0  0.230  
forest 
Immature 
0.290  0  0.640  0  0.317  
secondary forest 
Mature 
0  1  0  0  0  
secondary forest 
Old-growth 
0  0  0  1  0  
forest 
Pasture 0.110  0  0.160  0  0.453  
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Appendix 4. Matrix of canopy transition probabilities in natural forest per generation (25 years). 
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gap 0.460 0.333 0.113 0.118 0.057 0.200 0.100 0.333 0.109 0.047 0.074 0.333 0.333 0.072 0.333 0.200 0.071 0.064 0.051 0.333 0.133 0.108 0.185 0.167 0.333 
Acer crataegifolium 0 0.667 0 0 0.014 0 0 0 0 0.001 0.000 0 0 0 0 0 0 0 0.005 0 0 0 0 0 0 
Acer mono 0.072 0 0.806 0.018 0.011 0 0.016 0 0 0.007 0.008 0 0 0.005 0 0 0.014 0.005 0.015 0 0 0.028 0 0.011 0 
Betula grossa 0 0 0 0.800 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Carpinus laxiflora 0.007 0 0 0.006 0.8 0 0 0 0 0 0.002 0 0 0 0 0 0 0.009 0.011 0 0 0 0 0 0 
Carpinus tschonoskii 0 0 0 0 0 0.800 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Castanea crenata 0 0 0 0 0 0 0.800 0 0 0.001 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Clethra barbinervis 0 0 0 0.012 0.014 0 0 0.667 0 0.007 0.005 0 0 0 0 0 0 0.005 0.005 0 0.011 0 0 0 0 
Cornus controversa 0 0 0 0 0.004 0 0 0 0.800 0 0 0 0 0.008 0 0 0 0 0.001 0 0 0 0 0 0 
Fagus crenata 0.057 0 0.038 0.012 0.043 0 0.022 0 0.015 0.815 0.010 0 0 0.004 0 0 0.033 0.009 0.020 0 0.011 0 0.031 0.017 0 
Fagus japonica 0.040 0 0 0 0.007 0 0.006 0 0 0.008 0.810 0 0 0.016 0 0 0.012 0 0.003 0 0 0 0 0 0 
Hamamelis japonica 0.007 0 0 0 0 0 0.002 0 0 0.002 0.002 0.667 0 0 0 0 0 0.009 0 0 0 0 0 0 0 
Lyonia ovalifolia var. elliptica 0 0 0 0 0 0 0 0 0 0 0 0 0.667 0 0 0 0 0 0.001 0 0 0 0 0 0 
Ostrya japonica 0 0 0 0 0 0 0 0 0 0 0 0 0 0.800 0 0 0 0 0 0 0 0 0 0 0 
Padus grayana 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.667 0 0 0 0 0 0 0 0 0 0 
Pinus densiflora 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.8 0 0 0 0 0 0 0 0 0 
Prunus verecunda 0 0 0 0 0 0 0 0 0 0 0.000 0 0 0 0 0 0.800 0 0 0 0 0 0 0 0 
Quercus crispula 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.800 0 0 0 0 0 0 0 
Quercus serrata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.800 0 0 0 0 0 0 
Styrax japonica 0.005 0 0 0 0 0 0.009 0 0 0 0.001 0 0 0.003 0 0 0.004 0 0.004 0.667 0 0 0 0 0 
LL group 0.078 0 0.006 0.024 0 0 0.020 0 0.033 0.037 0.020 0 0 0.025 0 0 0.022 0.014 0.032 0 0.811 0 0.012 0.044 0 
LB group 0.010 0 0 0 0 0 0 0 0 0 0.001 0 0 0 0 0 0 0 0.001 0 0 0.800 0 0 0 
SL group 0.097 0 0 0 0.014 0 0.005 0 0.012 0.011 0.005 0 0 0.011 0 0 0.018 0.009 0.012 0 0.011 0 0.679 0.011 0 
SB group 0.168 0 0.038 0.006 0.032 0 0.018 0 0.024 0.058 0.061 0 0 0.056 0 0 0.027 0.068 0.038 0 0.011 0.059 0.093 0.750 0 
SF group 0 0 0 0.006 0.004 0 0.001 0 0.006 0.006 0.002 0 0 0 0 0 0 0.009 0.003 0 0.011 0.005 0 0 0.667 
  
27 
Appendix 5. Matrix of probabilities of canopy replacement after logging of mature natural forests and secondary forests per generation (25 years). 
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gap 0.211 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Acer crataegifolium 0 0.755 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Acer mono 0 0 0.202 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Betula grossa 0 0 0 1.192 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Carpinus laxiflora 0 0 0 0 2.151 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Carpinus tschonoskii 0 0 0 0 0 0.6
60 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Castanea crenata 0 0 0 0 0 0 3.267 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Clethra barbinervis 0 0 0 0 0 0 0 0.407 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cornus controversa 0 0 0 0 0 0 0 0 0.548 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Fagus crenata 0 0 0 0 0 0 0 0 0 0.174 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Fagus japonica 0 0 0 0 0 0 0 0 0 0 0.014 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Hamamelis japonica 0 0 0 0 0 0 0 0 0 0 0 0.913 0 0 0 0 0 0 0 0 0 0 0 0 0 
Lyonia ovalifolia  0 0 0 0 0 0 0 0 0 0 0 0 0.592 0 0 0 0 0 0 0 0 0 0 0 0 
Ostrya japonica 0 0 0 0 0 0 0 0 0 0 0 0 0 0.041 0 0 0 0 0 0 0 0 0 0 0 
Padus grayana 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2.129 0 0 0 0 0 0 0 0 0 0 
Pinus densiflora 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.455 0 0 0 0 0 0 0 0 0 
Prunus verecunda 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3.0
15 
0 0 0 0 0 0 0 0 
Quercus crispula 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.223 0 0 0 0 0 0 0 
Quercus serrata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.718 0 0 0 0 0 0 
Styrax japonica 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.815 0 0 0 0 0 
LL group 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.324 0 0 0 0 
LB group 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.238 0 0 0 
SL group 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3.0
91 
0 0 
SB group 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.2
59 
0 
SF group 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.7
54 
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Chapter 3 
 
 
Search investigation for infrequent species and reconstruction of new matrix model 
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Introduction 
 
In Chapter 2, I estimated the dynamics and extinction risks of canopy species 
by using matrix model combining land-use change and canopy species replacement 
matrices. However, dynamics and extinction risks of rare or infrequent tree species 
cannot be traced by the model, because of insufficient information. These species are 
particularly important in terms of conserving biodiversity in forest landscape (Hubbell 
2008). Their extinction probability will give essential information to plan conservation 
strategies (Noss 1999). Therefore, I would like to improve my model to incorporate these 
species. 
If we make usual random sampling as I did in Chapter 2, it requires enormous 
investigation efforts to obtain sufficient data to project dynamics of rare and/or 
infrequent species. However, if I could obtain the data for several selected species 
efficiently, I can project their dynamics by expanded version of the model described in 
Chapter 2. In this chapter, I made additional field surveys for some target  
rare/infrequent species in concentrated way, and applied in the modified model.  
Furthermore, I added another scenario named “Natural succession”. In the 
previous model, all secondary forests are to be logged periodically, and the process of 
natural succession when secondary forests are left without any operations for long time 
was not considered. It may be some effects of succession on biodiversity conservation, 
and such a management practice should be evaluated. It may also give information 
whether recruitment or replacement probability affect more on species extinction. 
Thus, the specific questions of this Chapter are,  
(1) How we can estimate the probabilities of local extinction for rare/infrequent species? 
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(2) Does management to allow natural succession contribute to conserve tree diversity? 
 
 
Study site and methods 
 
Target species 
Considering the composition of the forests in the research site, I selected 8 target 
species which did not have large dominance; Betula grossa, Fagus crenata, Fagus 
japonica, Kalopanax pictus, Malus Tschonoskii, Ostrya japonica, Phellodendron 
amurense, and Zelkova serrate. I also made additional survey for some species that 
were actually included in the previous model, though which did not have sufficient 
datato accurate analyses.  
 
Field study 
In 2010, we made a survey concentrating on several rare/infrequent species in 
the same study site as Chapter 2. I set up additional 12 belt plots of 10m width and 
100-200m long (totally 2.25 ha) in secondary and old-growth forests. The length of the 
belts differed according to stand condition. If I found the canopy and understory 
individuals of the target species, I recorded their locations, and the canopy-understory 
association. I did not measured the trees which were not included in the list of survey, 
and just described the forest condition, such as location, topography, forest age (by the 
data of forestry office). 
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Species groups 
Including these selected species, tree species were re-classified by maximum 
height, disturbance-dependence and occurrence/absence in secondary forests as in 
Chapter 2. In addition to the species listed in Chapter 2, the probabilities were newly 
calculated as single species for Acer amoenum, Malus Tschonoskii, and Sorbus japonica 
as LL species, Acanthopanax sciadophylloides, Carpinus cordata, Carpinus japonica, 
Fraxinus lanuginose, Ilex macropoda, Meliosma myriantha, Sorbus alnifolia, and 
Styrax obassia as SL species, Kalopanax pictus, and Zelkova serrate as LB species, Acer 
rufunerve, Magnolia hypoleuca, Phellodendron amurense, and Rhus trichocarpa as SB 
species, and Morus australis as SF species. Other tree species were lumped into 3 
species groups since their data were still insufficient to calculate as single species in the 
matrix model. The species were pooled according to their ecological niche and genera; 
Acer group, Prunus group and secondary forest (SF) group (Appendix 6). Thus, these 
transition matrices of canopy replacement were constructed by 41 terms (37 species, 3 
species groups and gap category) in the following analyses. 
 
Transition matrices 
Adding data newly taken in 2010 for rare/infrequent species, I calculated their 
abundance by the following way. First, I calculated the initial abundances of infrequent 
tree species as below,  
 
Ainfrequent = (a2009 * b2009 + a2010 * b2010）/ (b2009 + b2010) 
 
where, a2009 and a2010 are observed abundance in 2009 and 2010, respectively. The 
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symbols b2009 and b2010 are surveyed areas in 2009 and 2010, respectively. I calibrated 
the abundance of dominant tree species Adominant considering the abundance of 
rare/infrequent species as,   
 
Adominant = x * (1- a2009)/( 1-Ainfrequent) 
 
where, x is the abundance of dominant species used in Chapter 2.  
Similarly to Chapter 2, I constructed a new 41×41 canopy replacement 
matrices and initial species composition as well as the matrices of species change for 
abandonment of pastures and logging of conifer plantations. Transition probability of 
the infrequent species at loggings were calculated by the ratio of canopy abundance of 
the species during early regrowth (<15 years after logging) to that at maturity (>50 
years) including search investigation data. 
 
Natural succession scenario 
In Chapter 2, several tree species, such as B. grossa, L. ovalifolia and O. 
japonica became extinct in all management scenarios. Another type of management 
scenario may improve the extinction probabilities of these species. In this chapter, I 
made a new scenario named Natural succession (NS), which included a process of 
succession toward old-growth forests by leaving secondary forests for long time without 
periodical loggings. I modified transition probabilities matrix of the land-use change in 
Chapter 2, which based on NP scenario, but including natural succession process. The 
rate of change from mature secondary forest to natural forests was assumed to the 
probability to achieve the same area as natural forest area after 50 generations. In 
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successional forest, the regeneration matrix in natural forests was applied for the initial 
condition of the secondary forests. Thus, mature secondary forests, which will be left for 
50 generations and make successional change with repeating regenerations as natural 
forests. 
 
 
Results 
 
Abundance projected by modified matrix model 
The abundances of dominant species were almost similar to those by the 
previous model in Chapter 2. The most dominant species in the BAU scenario was C. 
crenata (0.101), while the abundance of some less dominant species differed from the 
previous model. For instance, Q. serrata decreased its canopy abundance in landscape 
(0.021, decreased from 0.035 by the previous model in Chapter 2) even in BAU scenario 
(Fig2-3, 3-1). In SM scenario, some dominant species, such as C. crenata (0.176), R. 
trichocarpa (0.072), Q. mongolica (0.035), Q. serrate (0.035), P. verecunda (0.029), P. 
densiflora (0.033) and M. obovata(0.026) increased their dominance in the new model. 
In NP scenario, some infrequent species, such as A. amoenum (0.004) C. cordata (0.005), 
F. japonica (0.001) and Acer group (0.001) slightly increased their dominance in the new 
model.  In SM scenario, abundance of dominant species, such as C. crenata, R. 
trichocarpa, Q.monogolica, Q. serrate, P. verecunda, P. densiflora and M. obovata, 
increased, while other minor species did not change greatly. In NP scenario, abundances 
of the L-shapes infrequent species, such as A. crataeaifolium, C. cordata, F. japonica and 
Acer group, increased. In NS scenario, abundances of infrequent species, A. 
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crataeaifolium, C. cordata increased to similar dominance values as NP scenario, while 
small changes for other species.  
 
Local extinction probability 
The probabilities of local extinction were greatly different from the previous 
model both for dominant and rare/infrequent species（Fig. 3-3,4）. The local extinction 
probabilities of three species, A. mono, F. crenata and L. ovalifolia, decreased greatly in 
all scenario, which became extinct in BAU scenario of the previous model. Four species 
and one group, B. grossa, F. japonica, O. japonica, Phellodendron amurense and Acer 
group had high probability of extinction, nearly 100 % in BAU scenario.  
NP and NS management scenario decreased the local extinction probabilities of 
many species. Among the species with high extinction probabilities, P.amurense only 
became extinct in all scenarios. O. japonica avoided extinction only in NP scenario, 
while B. grossa, F. japonica and Acer group escaped from extinctions in NP and NS 
scenarios. Among the species with low extinction probabilities, most of species get rid of 
extinction in NS scenario. NP scenario also had effect to reduce the extinction 
probabilities of M. tschonoskii, F. crenata, A. mono, C. cordata and H. japonica, while it 
did not change those of Z. serrate, L. ovalifolia and P. densiflora. SM scenario did not 
influence local extinction probabilities as yet. 
 
 
Discussion 
 
Search investigation  
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I projected species dynamics in detail by making detailed investigation for 
selected rare/infrequent species. The enhanced investigation on target species improved 
the result to increase estimating accuracy, and thus lead to decrease local extinction 
probabilities of some rare/infrequent species. However, extinction probabilities of other 
species, such as B. grossa, F. japonica, O. japonica, P. amurense and Acer group, were 
still high in each management scenario. The latter group of species seems more 
vulnerable to local extinction than the former group. The new method taken in this 
Chapter made such progress to increase accuracy in estimating extinction probability.  
Rare/infrequent species groups in Chapter 2 divided into several single species 
in this chapter. The result represented that R. trichocarpa, A. rufunurve and M. obovata 
derived from Small-sized, bell-shaped group became dominant after 50 generations. As 
mentioned in Chapter 2, disturbance-dependent species tended to increase their 
dominance in the scenario which increased secondary forest area. Most of infrequent 
species which formerly grouped as L-shaped species (less disturbance dependent) did 
not increase their abundance in BAU scenario of the new model, while they increased 
their abundance in NP and NS scenarios. Thus, the new model is more effective than 
before to separate the issues of initial dominance from the species characteristics, such 
as disturbance dependence. 
 
 
Effect of forest succession 
In Natural succession scenario, all tree species but P..amurense avoided local 
extinctions. This result represented forest succession through the repeated 
regenerations of secondary forests enabled tree species to reduce extinction risks. The 
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species, as O. japonica, Z.serrata, L. ovalifolia, P. densifolia and M. bombycis decreased 
their extinction probabilities by leaving secondary forest for natural succession. 
Difference between the scenarios of Natural succession and Natural forest protection 
derived from the different associations of canopy-subcanopy in secondary and natural 
forests. In secondary forests, dominant species in natural forest had already been 
selected out and the other tree species had become dominant in the initial composition 
by past loggings. However, if the natural forest species, for example L-shaped species, 
are recruited in such forests effectively by seed dispersal during long-term, and 
continuous succession, composition of secondary forests will approach to natural forests. 
However, the results did not show such successional change very much, suggesting that 
the canopy replacement process itself had limited effect, and that the recruitment 
limitations are more crucial. In this sense, it may be the issue of recruitment of species 
from natural forest to secondary forests across landscape. 
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Fig. 3-1. Projected dominant tree species composition in each scenario of new matrix 
model. 
 
Fig. 3-2. Projected infrequent tree species composition in each scenario of new matrix 
model. 
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Fig. 3-3. Projected local extinction probabilities in each scenario of new matrix model, 
the above is tree species of high extinction probabilities. 
 
 
Fig. 3-4. Projected local extinction probabilities in each scenario of new matrix model, 
the above is tree species of low extinction probabilities. 
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Appendix 6. Matrix of canopy transition probabilities in regeneration forest per generation (25 years) 
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gap 0.469  0.087  0.035  0.078  0.047  0.067  0.021 0.053 0.125 0.048 0.031 0.057 0.145 0.038 0.023 0.027 0.111 0.09 0.115 0 0.16 
Acanthopanax sciadophylloides 0.024  0.667  0.002  0 0.002  0 0 0 0 0.001 0 0.008 0.003 0.008 0 0 0 0.005 0.008 0 0.006 
Acer amoenum 0.039  0.014  0.841  0 0.012  0.003  0.02 0.012 0.021 0.009 0.024 0.014 0.009 0.01 0.016 0.017 0.046 0.017 0.021 0.133 0.012 
Acer crataegifolium 0 0.004  0 0.667  0.003  0.006  0.005 0 0 0.008 0.008 0 0.018 0.004 0.001 0.002 0 0.016 0.009 0 0 
Acer mono 0.039  0.007  0.016  0 0.827  0 0 0.025 0 0.008 0.005 0.006 0.005 0.012 0.004 0.002 0.012 0.007 0.002 0 0 
Acer rufunerve 0 0 0.001  0 0.003  0.670  0 0 0 0.003 0 0 0.003 0 0 0 0 0 0.009 0 0 
Betula grossa 0 0 0 0 0 0 0.8 0 0 0 0.001 0 0 0 0 0.002 0 0.002 0 0 0 
Carpinus cordata 0.115  0.014  0.007  0 0.024  0.034  0 0.784 0.021 0.003 0.03 0.003 0.002 0.031 0.001 0.02 0 0.012 0.002 0 0 
Carpinus japonica 0.005  0 0.001  0 0 0.003  0 0 0.681 4E-04 0 0.004 0.001 0 0.003 0 0 0 0 0 0 
Carpinus laxiflora 0.013  0 0.003  0.019  0.005  0.022  0.011 0.001 0 0.801 0.007 0 0.006 0.004 0.013 0.002 0.028 0.003 0.004 0 0 
Carpinus tschonoskii 0.005  0 0.001  0 0 0 0 0 0 7E-04 0.804 0 0 0.002 0 0 0.009 0 0 0 0 
Castanea crenata 0.008  0 0 0 0 0 0 0 0 5E-04 0 0.802 0 0 0 0 0 0 0.002 0 0 
Clethra barbinervis 0.027  0.069  0 0.079  0.005  0.037  0.026 0.004 0.014 0.021 0.014 0.01 0.676 0.004 0.024 0.023 0.012 0.06 0.038 0 0.038 
Cornus controversa 0 0 0.001  0 0 0 0.011 0 0 7E-04 0.002 0.004 0 0.84 0.006 0 0 0 0 0 0 
Fagus crenata 0.008  0 0.007  0.008  0.002  0.014  0.002 0.009 0 0.015 0.007 0.003 0.003 0 0.812 0.02 0.009 0.009 0.007 0 0.004 
Fagus japonica 0.018  0 0.016  0 0.001  0 0 0.012 0 0.001 0.004 0.001 0 0 0.004 0.811 0 0 0 0 0 
Fraxinus lanuginose 0.007  0 0 0 0.008  0.006  0 0 0 6E-04 0 0 0.014 0 0.006 0 0.667 0 0.014 0 0.006 
Hamamelis japonica 0 0.007  0.001  0 0 0.022  0.002 0 0 0.007 0.008 0.004 0.01 0.004 0.001 0 0 0.671 0.009 0 0.016 
Ilex macropoda 0.003  0.036  0.007  0.032  0.007  0.026  0.007 0.009 0.097 0.022 0.01 0.023 0.02 0.002 0.027 0.014 0.025 0.026 0.681 0 0.02 
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Appendix 6. Continued 
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0.132 0.04 0 0.25 0 0.113 0.167 0.029 0.034 0.041 0.053 0 0.128 0.062 0.095 0.1 0 0.039 0.074 0.065 
0 0 0 0 0 0 0 0.016 0.003 0 0.002 0 0 0 0.005 0.003 0 0 0 0.004 
0.037 0 0.037 0 0.017 0.026 0 0.015 0.006 0.01 0.009 0 0 0.002 0.016 0.01 0.016 0.009 0.056 0.048 
0.029 0 0 0 0 0.007 0 0.001 0.007 0.001 0.006 0 0 0 0.007 0 0 0.02 0 0 
0 0 0.037 0 0.029 0.031 0.042 0.005 0.007 0.016 0.002 0 0 0 0.016 0.011 0.012 0.004 0 0.009 
0.015 0 0 0 0 0 0 0 0 0 0.002 0 0.009 0 0 0.008 0 0 0 0.001 
0 0 0 0 0 0 0 0 0.001 0 0 0 0 0 0 0 0 0 0 0 
0 0 0.056 0 0.071 0.017 0 0 0.007 0 0.001 0.056 0 0.012 0.009 0.014 0.023 0.033 0 0.028 
0.015 0 0 0 0 0 0 0.004 0.001 0 0.001 0 0.009 0 0 0 0 0 0 0.001 
0.015 0 0 0 0 0.007 0 0.007 0.003 0 0.002 0 0.009 0.002 0.002 0.004 0 0.004 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.002 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.001 
0.045 0.06 0 0 0 0.01 0 0.022 0.013 0.021 0.021 0 0 0.027 0.01 0.02 0 0 0 0.012 
0 0 0 0 0 0 0 0.001 0.003 0.004 7E-04 0 0 0 0.01 0.007 0 0.016 0.019 0.004 
0.009 0 0 0 0 0.003 0 0 0.002 0.008 0.004 0 0 0.006 0.002 0.007 0 0.009 0 0 
0 0 0 0 0 0 0 0 0 0.004 8E-04 0 0 0 0 0.001 0 0 0 0.004 
0 0 0 0 0 0.014 0 0 0.014 0.01 0.009 0 0 0 0.002 0.014 0 0 0.012 0.011 
0.015 0 0 0 0 0.01 0 0.015 0.007 0.008 0.003 0 0.051 0 0 0 0 0.004 0 0 
0.009 0.03 0.056 0 0 0.003 0 0.042 0.011 0.01 0.013 0 0 0.025 0.016 0.019 0 0.024 0.068 0.015 
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Appendix 6. Continued 
Kalopanax pictus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.8 0 
Lyonia ovalifolia var. elliptica 0.019  0.022  0 0 0 0.005  0.007 0.003 0 0.009 0.005 0 0.014 0 0.02 0 0.037 0.018 0.015 0 0.667 
Magnolia obovata 0 0.007  0 0 0 0 0.007 0 0 0.001 0 0 0 0 0.003 0.005 0 0.009 0 0 0.006 
Malus tschonoskii 0.016  0 0.002  0 0 0 0 0 0 0 0.004 0 0 0 0 0 0 0 0 0 0 
Meliosma myriantha 0.021  0 0.007  0 0.002  0.003  0 0.007 0 4E-04 0.006 0 0 0 0 0.014 0 0.002 0 0 0 
Morus bombycis 0.023  0 0.004  0 0.005  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ostrya japonica 0 0 0.001  0 0.002  0 0 0 0 0 0 0 0 0 0 0 0 0.002 0 0 0 
Padus grayana 0 0 0.012  0.019  0.003  0.022  0.002 0.013 0 0.001 0 0 0 0 0 0 0 0.003 0.002 0 0 
Phellodendron amurense 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pinus densiflora 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Prunus verecunda 0.022  0.007  0 0.019  0 0 0.011 0.002 0 0.004 0.008 0.004 0.01 0.004 0 0 0 0 0.013 0 0 
Quercus monogolica 0 0 0 0 0 0 0 0 0 0 0 0 0 0.004 0 0 0 0 0 0 0 
Quercus serrata 0 0 0.002  0 0.001  0.003  0 0.001 0 4E-04 0 0.001 0 0.006 0.003 0.002 0 0 0.001 0 0 
Rhus trichocarpa 0 0 0 0 0 0 0 0 0 6E-04 0 0 0.005 0 0 0 0 0 0 0 0.012 
Sorbus alnifolia 0 0.004  0.001  0 0.002  0.005  0.017 0 0 0.006 0.002 0.01 0.003 0 0.004 0.002 0 0.002 0.009 0 0.003 
Sorbus japonica 0.003  0.036  0.007  0.071  0.003  0.034  0.013 0.001 0 0.012 0.006 0.023 0.036 0 0.004 0.025 0.043 0.023 0.017 0 0.024 
Styrax japonica 0.008  0.004  0.004  0 0.019  0 0.007 0.018 0.021 0.005 0.003 0.02 0.005 0.012 0.01 0 0 0 0.005 0 0.006 
Styrax obassia 0.016  0 0.006  0 0.006  0.011  0.021 0.004 0 0.001 0.009 0.001 0.003 0.006 0.01 0.002 0 0 0.009 0 0.006 
Zelkova serrata 0 0 0.005  0 0.002  0 0 0.007 0 0 0 0 0 0 0 0 0 0 0 0 0 
acer group 0.055  0 0.005  0.008  0.006  0.003  0.007 0.022 0.021 0.004 0.002 0.002 0.005 0.006 0.005 0.009 0 0.018 0.003 0 0 
prunus group 0.004  0 0 0 0.001  0 0 0 0 0 0 0 9E-04 0 0 0 0 0 0 0 0 
secondary-forest group 0.035  0.014  0.004  0 0.002  0.003  0 0.012 0 0.004 0.002 0 9E-04 0.003 0 0.002 0 0.007 0.009 0.067 0.012 
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Appendix 6. Continued 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0.04 0 0 0 0 0 0 0.001 0.006 0.006 0.111 0.051 0.016 0 0.008 0 0 0 0.001 
0.667 0 0 0 0 0 0 0 0 0.004 0.001 0 0 0 0 0 0 0 0 0 
0 0.81 0 0 0 0 0 0 3E-04 0.001 1E-04 0 0 0 1E-03 0.004 0 0 0 0 
0 0 0.704 0 0 0.005 0 0 9E-04 0 2E-04 0 0 0 0 0 0 0 0 0.005 
0 0 0 0.75 0 0.028 0 0 0 0 0 0 0.026 0 0 0.008 0 0 0 0 
0 0 0.111 0 0.8 0.003 0 0.001 0 0 0 0 0 0 0 0 0 0.004 0 0.007 
0 0.01 0 0 0 0.695 0.083 0 0.002 0.004 0.002 0 0.013 0 0.006 0 0 0 0 0.008 
0 0 0 0 0 0 0.667 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0.8 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0.004 0.803 0.002 0.004 0.056 0 0 0.003 0 0.003 0 0.026 0.004 
0 0 0 0 0 0 0 0 6E-04 0.807 2E-04 0 0 0 0.002 0 0 0 0.007 0 
0 0 0 0 0 0 0 0 0.001 0.002 0.806 0 0 0 0.021 0.012 0.003 0 0 0.005 
0 0 0 0 0 0 0 0.001 0.002 0 0.002 0.667 0 0 0.003 0 0 0 0 0 
0 0 0 0 0 0 0 0 0.003 0.002 0.004 0 0.667 0 0 0.011 0 0.004 0 0 
0.015 0 0 0 0 0 0 0.031 0.023 0.02 0.012 0.111 0.013 0.811 0.003 0.005 0 0 0 0.012 
0 0.01 0 0 0.029 0 0 0.005 0.03 0.012 0.021 0 0.013 0.004 0.734 0.014 0.003 0.011 0.057 0.011 
0 0 0 0 0 0.005 0 0 0.003 0.002 0.005 0 0.013 0.016 0.015 0.7 0.034 0.005 0.007 0.008 
0 0 0 0 0 0 0 0 6E-04 0 2E-04 0 0 0 0.002 0.003 0.86 0.02 0 0.014 
0 0 0 0 0.029 0.013 0 0 0.004 0.002 0.001 0 0 0 0.002 0.007 0.02 0.79 0 0.012 
0 0 0 0 0 0.007 0 0 0.004 0.002 1E-03 0 0 0 0.005 0.002 0 0 0.674 0 
0 0 0 0 0.025 0.005 0.042 0 0.002 0.002 0.004 0 0 0.015 0.013 0.004 0.026 0.004 0 0.709 
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Chapter４: 
Relationship between species traits and the tree species dynamics  
projected by matrix model  
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Introduction 
 
From the result of Chapters 2 and 3, the Natural forest protection scenario had 
effects to reduce local extinctions of many species. However, some L-shaped dbh 
distribution species decreased their local extinction probabilities even in Natural forest 
protection scenario. In general, L-shaped species are the species with continuous 
recruitments and low dependence on catastrophic disturbances (Nakashizuka et al. 
1992). Dbh distribution, however, is a complex characteristic of tree populations which 
include shade tolerance, disturbance dependence, and history of past events. Therefore, 
it is necessary to separate these complex of species traits to understand the specific 
factors that directly relate to simpler ecological function of the species.. 
In this chapter, I focus on functional traits of tree species. Recently, functional 
traits have been studied by many ecologists to explain many ecological phenomenon. 
Community assembly is sometimes correlated to the functional traits (Kraft 2008, 
Lebrija 2010). Functional traits may also be affected by human land-use. The species 
dominance could be explained by the difference of the response traits to natural and/or 
human disturbances (Chazdon 2003, Mayfield 2010).  
 Thus, I aimed to make correlate the abundances and/or extinction probabilities 
projected by my model with the functional traits of tree species. To clarify the 
relationships, I address the following two questions. (1) What traits determine the 
abundances and extinction probabilities in each management scenario? 2) What traits 
are effective to reduce extinction probability when we protect natural forests? 
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Material and Methods 
 
Functional trait study 
I studied functional traits of 37 tree species which were the target species of 
the model in Chapter 3, except for Pinus densiflora, only one coniferous species in this 
area. The traits were measured by my colleagues and myself by sampling individuals 
around the study site (Aiba & Nakashizuka 2009, Shibata et al. 2013). Among the traits 
we measured, I selected 4 functional traits, which may affect population dynamics 
(Shibata et al. 2013); maximum dbh (Maxdbh), wood density (WD), leaf mass per area 
(LMA) and seed mass. Maximum dbh reflects the forest strata in which the species 
belong to, and sometime longevity (Masaki et al. 1992). WD is related to the tradeoff 
between growth rate and mortality rate (Poorter et al. 2008). LMA represented light 
acquisition and high LMA species tend to highly invest to the photosynthesis abilities 
(Wright et al. 2004). Seed mass is negatively correlated with the seedling mortality rate 
(Poorter et al. 2008).  
Maxdbh data were estimated by the observation by Masaki et al (1992) in 
natural forest, and by my investigation in secondary forests. Wood density, LMA and 
seed mass were determined from published sources. Mostly published data sources were 
utilize for seed mass (Nakayama, et al. 2000, Shibata et al. 2013, and Masaki et al. 
2011), wood density and LMA (Aiba & Nakashizuka 2009). For the species without 
published data, I made measurement by myself in November 2011 following the method 
of Aiba & Nakashizuka (2009). 
 
Statistical analysis 
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I analyzed the relationships between species traits and abundance or local 
extinction probabilities projected by the model used in Chapter 3. I regressed the 
projected abundance with species traits by GLM (generalized linear model). Four 
species traits were considered as the explanatory variables including interactions.  
I could not directly analyze local extinction probabilities as dependent variable 
because of over-dispersion. To improve this, I adopted as the following method; 
classification of local extinction probabilities and analysis in MCMC generalized linear 
model excluding high extinction species. In this logistic analysis, local extinction 
probabilities were categorized into two value representing extent to probabilities and 
decrease by management scenario. Firstly, I classified the species with their local 
extinction probabilities into two categories: species representing 100% of local 
extinction probabilities (1) and others (0). Secondly, I tried to detect the effect of NP 
scenario to reduce extinction. Since the extinction probabilities were almost same 
between BAU and SM scenarios, and NP and SP scenarios, I compared only NP and 
BAU scenarios. Therefore, I wanted to detect how effectively NP scenario could to 
reduce the extinction probabilities than BAU scenario. I categorized the species which 
did not become extinct by NP scenario (1) and others (0), and made logistic regression 
these categories with species traits. I made logistic models including all traits and their 
interactions, and selected the best model with the least AIC.  
The implementation of the models was conducted by using MCMC GLMM in R. 
A Markov chain Monte Carlo sampler with 1050000 reiterations, 50000 burn-in, and 10 
thinning interval was used to estimate the posterior probability distribution of the 
model parameters. For prior distributions of the estimation of the parameter, default 
values (for fixed effects, mu=0 and V=I*1e+10, where I is an identity matrix of 
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appropriate dimension; for R- and G-structures, nu=0, V=1, alpha.mu=0, and 
alpha.V=0) were used. To avoid overdispersion, I excluded these species, B. grossa, F. 
japonica, O. japonica, P. amurense and Acer group in BAU and SM scenario and O. 
japonica, P. amurense in NP and SP scenario. The species traits were regarded as 
dependent variable in binomial distribution and calculated. All statistical analyses were 
performed by using R version 2.14.2 (R Development Core Team 2011). 
 
 
Result 
 
Abundance 
The correlation between functional traits and abundance of the species are 
similar between BAU and NP scenarios, though SM and SP scenarios had slightly 
different correlations (Table4-1). Maxdbh and LMA were significantly and positively 
correlated with the abundance in all scenarios. However, WD and SeedLog had 
significant and positive correlation in BAU and NP scenarios, though they are not 
significant in SM and SP scenarios. As for interacting factors, Maxdbh x WD and 
Maxdbh x LMA had significantly negative, and Maxdbh x SeedLog had significantly 
positive correlations with the abundance in all scenarios. 
 
Local extinction probabilities 
In logistic regression model of the difference between extinction categories and 
all species traits were not significant in all scenarios (Table4-2). While in logistic 
regression model to detect the effects of NP scenario to decrease extinction probabilities, 
  
48 
some traits had significant effects (Table4-3). In NP scenario, low Maxdbh species 
tended to avoid extinction. Also, interactive factor Maxdbh x WD had positive effect, 
suggesting that the species with high Maxdbh and WD tend to avoid local extinction in 
NP scenario. 
In MCMC GLMM, which directly analyzed local extinction probabilities as 
response variables, the traits with significant correlations were different among 
scenarios (Table4-4). In BAU scenario, High WD species is prone to local extinction, 
while any functional traits were not significant in NP scenario. 
 
 
Discussion 
 
Abundance and functional traits 
In BAU scenario, high Maxdbh species had a tendency to increase abundance 
and become dominant species. In addition, species with heavier seed and lower wood 
density tended to increase their abundance in SM and SP scenarios. These results show 
that frequent logging or disturbances tend to increase the species with fast growth rates, 
but large seeds and large dbh size. The Satoyama scenario increase secondary forest 
area and land-use change by logging, which extend the span of early succession among 
one generation (Imanishi 2010), which favored to these species. These results may be 
related to the coppice practice to regenerate secondary forests. The secondary forests in 
the study area are managed by coppice system, and the species with high re-sprouting 
traits are favored in this system. The heavy seed species are those with big nuts, such 
as C. castanea and Q.serrata, having capacities to re-sprout (Shibata et al, 2013) and 
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grow quickly with large seed resource. The species of low wood density invested much 
for growth to become dominant quickly after clear-cut and win in the competition 
(Poorter et al. 2006). These species growing in early successional stages are to be 
replaced by shade-tolerant canopy tree species along with successional process (Masaki 
et al. 1999). However, frequently repeated loggings and regeneration with sproutings 
might have made these species dominant in the landscape. 
 
Local extinction probabilities and functional traits 
The local extinction probabilities themselves were not significantly correlated 
with particular species traits. The species with high extinction probability were mostly 
infrequent species, such as B. grossa, F. japonica, O. japonica, P. amurense and Acer 
group, irrespective to other functional traits. There are some possibilities that I still do 
not have sufficient data on these species to project extinction probabilities in accurate 
way.  
On the other hand, the effect of natural forest protection to reduce extinction 
probabilities was significantly correlated with some functional traits. Species with 
small maximum size tended to reduce probability of local extinction by protecting 
natural forests. Since natural forests are not to be logged, there will be enough time to 
develop multi-layered structure, and small sized trees are able to exist in this structure 
(Pelt et al. 2000). Understory tree species can grow and regenerate under shaded, but 
stable condition. And, high wood density canopy tree species are shade tolerant, and 
grow relatively slow, which survive under sub-canopy stratum and could have some 
possibility to reach canopy (Poorter et al. 2008). This set of traits and strategy are those 
classified as L-shaped species in Chapter 2, and it is consistent with the simple 
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estimation by Masaki et al (1992). These traits relate to the disturbance regime in 
which each species have adapted to. Since secondary forests are most abundant forest 
type in this landscape, low wood density species with high growth rate tend to be 
dominant. 
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Table4-1 The results of GLM analysis examining relationship between the abundance in each scenario and species traits included 
interactive factor. 
 
BAU scenario 
  
SM scenario 
  
NP scenario 
  
SP scenario 
  
 
Estimate t P 
 
Estimate t P 
 
Estimate t P 
 
Estimate t P 
 
(Intercept) -2.10E-01 -3.7  0.001  *** -2.47E-01 -2.1  0.041  * -2.02E-01 -3.7  0.001  ** -1.77E-01 -1.7  0.092  . 
MaxDBH 2.14E-03 4.9  <0.001 *** 3.30E-03 4.5  <0.001 *** 2.07E-03 4.9  <0.001 *** 3.11E-03 4.4  <0.001 *** 
WD 1.43E-01 2.3  0.030  * 1.06E-01 0.7  0.486  
 
1.34E-01 2.2  0.035  * 7.61E-02 0.5  0.609  
 
LMA 1.50E-03 2.8  0.010  ** 2.08E-03 2.5  0.021  * 1.45E-03 2.8  0.010  ** 1.27E-03 2.3  0.026  * 
SeedLog -1.68E-02 -3.2  0.003  ** -5.53E-03 -0.3  0.739  
 
-1.61E-02 -3.2  0.004  ** 6.07E-03 0.5  0.653  
 
MaxDBH:WD -2.01E-03 -3.4  0.002  ** -3.15E-03 -3.2  0.003  ** -1.88E-03 -3.3  0.003  ** -2.90E-03 -3.0  0.006  ** 
MaxDBH:LMA -8.82E-06 -2.6  0.014  * -1.28E-05 -2.4  0.022  * -8.84E-06 -2.7  0.011  * -1.14E-05 -2.2  0.033  * 
MaxDBH:SeedLog 1.09E-04 4.9  <0.001 *** 1.75E-04 5.0  <0.001 *** 1.07E-04 4.9  <0.001 *** 1.84E-04 5.6  <0.001 *** 
WD:SeedLog 
    
-3.28E-02 -1.4  0.165  
     
-3.64E-02 -1.6  0.116  
 
LMA:SeedLog 1.22E-04 1.5  0.133    1.55E-04 1.2  0.223    1.14E-04 1.5  0.147            
***: p <0.001, **: p <0.01, *: p<0.05, ・: p <0.1 
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Table4-2. The results of GLM analysis examining relationship between classification of 
local extinction probabilities and species traits. 
A. BAU and SM scenarios 
 
Estimate z value Pr(>|z|) 
 
(Intercept) 0.803549 0.147 0.883   
MaxDBH 0.00877 1.11 0.267 
 
WD -0.1846 -0.026 0.98 
 
LMA -0.05486 -1.108 0.268 
 
SeedLog -0.04699 -0.188 0.851   
***: p <0.001, **: p <0.01, *: p<0.05, ・: p <0.1 
 
 
B. NP and SP scenarios 
 
Estimate z value Pr(>|z|) 
 
(Intercept) 7.35278 0.808 0.419   
MaxDBH 0.01173 0.918 0.359 
 
WD -6.2348 -0.652 0.514 
 
LMA -0.11895 -1.138 0.255 
 
SeedLog 0.13099 0.296 0.768   
***: p <0.001, **: p <0.01, *: p<0.05, ・: p <0.1 
 
 
Table4-3. The results of GLM analysis examining relationship between the effect of 
natural forest protection and species traits included interactive factor. 
 
Estimate z value Pr(>|z|) 
 
(Intercept) 27.27393 1.73 0.0836 . 
MaxDBH -0.37383 -1.986 0.0471 * 
WD -24.5504 -1.441 0.1497 
 
LMA -0.10499 -1.116 0.2643 
 
SeedLog 1.414004 2.066 0.0388 * 
MaxDBH:WD 0.39188 1.886 0.0593 . 
MaxDBH:LMA 0.001327 1.257 0.2088 
 
MaxDBH:SeedLog -0.01406 -1.86 0.0628 . 
***: p <0.001, **: p <0.01, *: p<0.05, ・: p <0.1 
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Table4-4. The results of MCMCglmm analysis examining relationship between the local 
extinction probabilities in BAU and NP scenario and species traits. 
A. BAU scenario 
 
post.mean l-95% CI u-95% CI eff.samp pMCMC 
 
(Intercept) -22.2677 -33.7007 -10.8999 55976 0.00024 *** 
MaxDBH 0.004771 -0.01155 0.020294 81935 0.52644 
 
WD 18.46152 4.801717 33.16078 56900 0.0105 * 
LMA 0.047138 -0.03003 0.128959 69638 0.22426 
 
SeedLog -0.19132 -0.67509 0.308887 80028 0.41968   
***: p <0.001, **: p <0.01, *: p<0.05, ・: p <0.1 
   
 
B. NP scenario 
 
post.mean l-95% CI u-95% CI eff.samp pMCMC 
 
(Intercept) -19.5102 -38.8599 -1.41315 68421 0.031 * 
MaxDBH 0.005796 -0.02278 0.034366 93381 0.646 
 
WD 4.763812 -17.8814 27.45159 93017 0.629 
 
LMA 0.046434 -0.09482 0.192652 60802 0.503 
 
SeedLog -0.41118 -1.33582 0.426748 75561 0.311   
***: p <0.001, **: p <0.01, *: p<0.05, ・: p <0.1 
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Chapter 5: 
 
General Discussion 
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Matrix model as a tool for biodiversity conservation 
In this study, I succeeded to project the dynamics of tree species with a model 
combining land-use change and canopy replacement matrices. This model requires less 
data and/or parameters, but able to obtain simpler estimation in landscape level than 
other population dynamic models（Turner 1987, White 1987, Takada and Nakashizuka 
1996）. Considering the statistical variation in transition matrices, we could estimate 
the probabilities of local extinction of tree species, which few scientists have succeeded 
to estimate. With the data specifically collected for some target rare species, I made 
possible to include rare/infrequent species as well. Also, the model is capable to make 
scenario analyses by changing land-use matrix.  
However, the model also has some points to be improved. Though the data 
collection for the model is relatively easy, the model is specific to the area studied. The 
transition probabilities of canopy replacement may be site specific, and matrices 
obtained in an area cannot be applied to the new place. The model is also weak not 
having a good method to verify the projection unless we could have long-term data with 
various land use patterns. Though the weakness of the methods above, the model could 
be one of the simple and useful tools for conservation of biodiversity or sustainable 
forest management. I hope this methods could be utilized for the conservation planning 
of forest biodiversity. 
 
Functional traits and local extinction  
The species which were much influenced by natural forest protection were 
mainly those with large maximum dbh, high wood density and large seed mass. 
Maximum dbh indicate the forest story which the tree belong to, or life span. Frequent 
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loggings assumed in Satoyama management will eliminate the species with large dbh, 
because of short in time to grow up to canopy or mature (Kamitani 1986, Gourlet-Fleury 
et al. 2005). Seed mass may be related to the disturbance dependence, in terms of seed 
dispersal. Small but many seeds are advantageous in effective seed dispersal to newly 
disturbed sites (Kiviniemi 1999), and thus high recruitment across landscape. 
Interaction of wood density and Maxdbh was significantly correlated with local 
extinction probabilities. Wood density negatively correlates to potential growth rate in 
the light place, and positively to shade tolerance (Kitajima 1994). Thus, the large-sized 
and shade tolerant trees are particularly sensitive to natural forest protection. These 
results lead to relatively general conclusion that the protecting natural forests is 
particularly important for the species which not adapted to frequent disturbance. 
 
Forest management scenarios and conservation measure 
The present results showed that the protecting natural forest is effective to 
conserve some trees even the proportion of the protected area is not so large. In business 
as usual scenario of forest management, natural forest area gradually decrease while 
secondary forest, conifer plantation and pasture maintain or slightly increase their 
proportions. A set of species with particular traits are to be eliminated from secondary 
forests and they become locally extinct by the BAU scenario. Only the scenarios 
including protecting natural forests could reduce the probabilities of extinction. 
Satoyama management, which is said to be effective to conserve some herbaceous 
species (Takeuchi 2003, Kato 2009), though it was not effective to conserve tree species.  
That is partly because the herbaceous species which adapted to Satoyama are 
disturbance dependent (Takeuchi 2003, Kato 2009). They have adapted to human 
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disturbance associated with agriculture and forestry to some extent. However, the  
extinction probabilities of herbaceous species also have been increasing in recent trends 
of human activity, in which traditional agriculture or forestry are to be abandoned, and 
disturbance frequency decreased (Takeuchi 2003). Some tree species also have adapted 
to human disturbance, though they are not threatened, since the disturbance frequency 
are still short enough for them even in recent human activity. 
Maintaining natural forest area are particularly effective to conserve shade 
tolerant, and less disturbance dependent tree species. The scenario including natural 
succession of secondary forests to mature forest did not act positively to conserve these 
species, partly because of recruitment limitation across the landscape. Once the species 
with less disturbance dependence have been eliminated by human disturbances, it is 
suggested to take long time to colonize again. If the natural forests, which could also act 
as seed sources of these species, have decreased to extremely small portion, it will be 
further difficult to recover tree diversity with much more limited recruitments. 
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